The activation of autoreceptors is known to be important in the modulation of presynaptic transmitter secretion in peripheral and central neurons. Using whole-cell recordings made from the free growth cone of myocyte-contact motoneurons of Xenopus cell cultures, we have observed spontaneous nerve terminal currents (NTCs). These spontaneous NTCs are blocked by d-tubocurarine (d-TC) and ␣-bungarotoxin (␣-BuTx), indicating that endogenously released acetylcholine (ACh) can produce substantial membrane depolarization in the nerve terminals. Local application of NMDA to the growth cone increased the frequency of spontaneous NTCs. When the electrical stimulations were applied at the soma to initiate evokedrelease of ACh, evoked ACh-induced potentials were recorded in the nerve terminals, which were inhibited by d-TC and hexamethonium but not by atropine. Replacement of normal Ringer's solution with high-Mg 2ϩ , low-Ca 2ϩ solution also reversibly inhibited evoked ACh-induced potentials. The possible regulatory role of presynaptic nicotinic autoreceptors on the synaptic transmission was also examined. When the innervated myocyte was whole-cell voltage-clamped to record synaptic currents, application of hexamethonium inhibited the amplitude of evoked synaptic currents at a higher degree than that of iontophoretic ACh-induced currents. Furthermore, hexamethonium markedly reduced the frequency of spontaneous synaptic currents at high-activity synapses. Pretreatment of neurons with ␣-BuTx also inhibited the evoked synaptic currents in manipulated synapses. These results suggest that ACh released spontaneously or by electrical stimulation may act on the presynaptic nicotinic autoreceptors of the same nerve terminals to produce membrane potential change and to regulate synaptic transmission.
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The activation of autoreceptors is known to be important in the modulation of presynaptic transmitter secretion in the peripheral nervous system and C NS. Presynaptic inhibitory 5-HT 1 autoreceptors have been identified in virtually all parts of the CNS (Gothert et al., 1996) . Dopaminergic, noradrenergic, and glutamatergic neurons are also inhibited by the activation of presynaptic D 2 -like, ␣ 2 , and metabotropic glutamate autoreceptors, respectively (Boehm and Huck, 1996; Macek et al., 1996; Cragg and Greenfield, 1997) . The activation of GABA B autoreceptors is indeed capable of reducing GABA release (Misgeld et al., 1995) .
Nicotinic receptors are widely distributed in the mammalian CNS and have been implicated in various physiological and pathological conditions, including cognition, Alzheimer's disease, Parkinson's disease, anxiety, and addiction to tobacco products (Nordberg et al., 1989; Arneric et al., 1995) . Nicotinic receptors are localized on both presynaptic axon terminals and postsynaptic somatodendritic sites (C larke, 1993; Sargent, 1993) . Most of the functions of postsynaptic receptors involved in cholinergic mediation in the C NS have not been well established. However, the positive modulation of neurotransmitter release appears to be a widespread and potentially important role of presynaptic nicotinic ACh receptor channels (nAChRs) . Presynaptic nAChRs are known to positively modulate the release of various neurotransmitters, including glutamate, norepinephrine, 5-hydroxytryptamine, dopamine, and GABA (Wonnacott et al., 1989; Levin, 1992; Wessler, 1992; Guo et al., 1998; Li et al., 1998) . As for ACh release, although an abundant literature describes the inhibitory presynaptic autoreceptors of the muscarinic type (Starke et al., 1989) , nicotinic autoreceptors have been proposed also to regulate ACh release at motor nerve terminals (Bowman et al., 1988) and in central cortical and hippocampal synaptosomes (Rowell and Winkler, 1984; Araujo et al., 1988; Wilkie et al., 1996) . Nicotinic autoreceptors may constitute a potential therapeutic target for enhancing cholinergic transmission in the earlier stages of diseases, such as Alzheimer's disease. The concept of ionotropic autoreceptors is established primarily by indirect evidence measuring the overflow of radioisotope-labeled transmitter or wholecell recording of EPSC amplitude at postsynaptic cells. Recently, direct recording of nicotinic responses in presynaptic nerve terminals has been made in ciliary ganglia (Coggan et al., 1997) . Furthermore, measurements of intracellular Ca 2ϩ in single mossy fiber presynaptic terminals indicate that nAChRs containing the ␣7 subunit can mediate a Ca 2ϩ influx that is sufficient to induce vesicular neurotransmitter release (Gray et al., 1996) . Here, we made whole-cell recordings from the nerve growth cone and observed spontaneous nerve terminal currents (NTCs), indicating that the activation of ionotropic autoreceptors by endogenously released ACh can produce the change in membrane potential.
MATERIALS AND METHODS
Cell culture. Culture procedures have been described previously (Tabti and Poo, 1991) . Briefly, neural tubes and the associated myotomal tissue were taken from stage 20 -22 Xenopus embryos (Nieuwkoop and Faber, 1967 ) and allowed to dissociate in C a 2ϩ -and Mg 2ϩ -free Ringer's solu-tion supplemented with EDTA. The dissociated cells were plated on clean coverslips and used for experiments after incubation in culture medium for 1 d at room temperature (20 -22°C). The culture medium consisted of 50% (v/ v) Ringer's solution (115 mM NaC l, 2 mM CaCl 2 , 1.5 mM KC l, and 10 mM H EPES, pH 7.6), 49% L -15 Leibovitz medium (Sigma, St. L ouis, MO), 1% fetal bovine serum (Life Technologies, Gaithersburg, MD), and antibiotics (100 U/ml penicillin and 100 g /ml streptomycin). Electrophysiolog y. Whole-cell patch-clamp recording methods followed those described previously (Hamill et al., 1981) . N TC s were recorded from growth cone by whole-cell recording [holding potential (V h ) ϭ Ϫ60 mV] in Ringer's solution by using 1-d-old cell cultures at room temperature. Patch pipettes were pulled with a two-stage electrode puller (pp-83; Narishige, Tokyo, Japan), and the tips were polished immediately before the experiment with use of a microforge (M F-83; Narishige). The solution inside the recording pipette contained 150 mM K gluconate, 1 mM NaC l, 1 mM MgC l 2 , and 10 mM H EPES, pH 7.2, and 1 mM amphotericin B was added to internal solution to get a perforated patch. The membrane currents were monitored by a patch-clamp amplifier (Axopatch 200A, Axon Instruments, Foster C ity, CA) and chart recordings from an oscillographic recorder (Gould RS 3200, Valley View, OH). Data were stored on a videotape recorder for later playback onto a storage oscilloscope (5113; Tektronix) and for analysis by a microcomputer. Spontaneous synaptic currents (SSC s) were monitored from innervated myocyte by whole-cell voltage-clamp recordings (V h ϭ Ϫ60 mV) in Ringer's solution. The solution inside the recording pipette contained 150 mM KC l, 1 mM NaC l, 1 mM MgC l 2 , and 10 mM H EPES, pH 7.2. Evoked synaptic currents (ESC s) were elicited by stimulating presynaptic neurons at the soma with a heat-polished glass microelectrode (2-3 m tip opening). The pipette was filled with Ringer's solution. For suprathreshold stimulation of the neuron, a square current pulse of 0.1 msec duration and 0.2-2 A amplitude was applied through the pipette. Such currents generally induced twitch contraction of the muscle cell when applied to the soma of the innervating neuron. For iontophoretic mapping of ACh sensitivity, conventional micropipettes were made and filled with 3 M ACh. The resistance of the ACh pipette was 100 -200 M⍀ and required 2-6 nA of braking current. Mean amplitude of the membrane currents induced by identical pulses of ACh (2 msec duration) applied at the myocyte surface was used to assay ACh sensitivity. The mean SSC amplitude of manipulated synapses was obtained from 50 -300 SSC events per neuron. The results were expressed as mean Ϯ SE (n) (n, cell number). The statistical significance was evaluated by Student's t test.
Cell manipulation e xperiment. In these cultures, motoneurons either form a natural synapse resulting from a random encounter of muscle cells by growing neurites or stay alone (myocyte-free, "naive neuron"). Isolated spherical myocytes (myoballs) were used in the experiment of manipulated contacts (Chow and Poo, 1985) . Myoballs were first loosened from the attachment to the glass substratum by "rolling" the cell across the substratum surface with a heat-polished tight-seal micropipette. The loosening of attachment allowed the myocyte to be lifted up from the substratum and then translocated to contact with the growth cone to form a manipulated synapse. The SSC recordings were made as soon as the manipulated cells contacted with "naive" nerve terminals, and evoked stimulation at the soma was elicited a few minutes later. 
RESULTS

Nerve terminal currents induced by autoreception of spontaneous ACh release
Experiments were performed in 1-d-old Xenopus nerve-muscle cocultures. In these cultures, some of the motoneurons readily formed f unctional synapses with myocytes after a random encounter of the myocyte by the growing neurites. The axons of some of these neurons continued growing forward (Fig. 1 , bottom right corner), and these neurons were chosen to do the following experiments. Whole-cell voltage-clamp recording was made on the free growth cones of these myocyte-contact neurons. We observed inward pulsatile spontaneous N TC s that resemble SSCs recorded from the postsynaptic myocyte (Fig. 1a) . As shown below, these N TC s appear to be induced by quantal secretion of ACh from the nerve terminal and the subsequent activation of the surface nAChRs of the same nerve terminal. The average NTC frequency was 0.5 Ϯ 0.1 Hz (n ϭ 11), and the mean amplitude of NTCs was 16.9 Ϯ 7.3 pA, which is much smaller than that of SSCs in these 1-d-old cultures (96.5 Ϯ 5.3 pA; n ϭ 22). When the same recording was made from naive neurons that had not made any contact with the cocultured myocytes, N TC s appeared only in 2 of 15 cases (at a frequency of 0.3 and 0.05 Hz, respectively), suggesting the inductive role of myocytes in the spontaneous neurotransmitter secretory properties of these spinal neurons. All experiments about spontaneous NTCs described below were thus performed on myocyte-contact neurons. nAChRs are found in a variety of vertebrate peripheral nervous system and CNS. These receptors can be divided into two distinct classes based on ␣-BuTx sensitivity. The majority of ␣-BuTx-sensitive nAChRs containing ␣7 and/or ␣8 subunits (Schoepfer et al., 1990; Sargent, 1993 ) have a relatively high permeability to Ca 2ϩ and exert profound desensitization (Vijayaraghavan et al., 1992; . As shown in Figure 1a , local application of nicotine with another glass micropipette (1 m pipette opening, intrapipette concentration at 10 M) induced an inward current in the nerve terminal and a reduction of NTC frequency, which probably resulted from the desensitization of nAChRs. Application of 40 M d-TC inhibited the frequency of NTCs, which further characterizes the presynaptic nicotinic receptor (Fig. 1b) . Pretreatment of the culture with 40 M d-TC (Fig. 1c) or 0.1 M ␣-BuTx (Fig. 1d) prevented the appearance of spontaneous NTCs and completely antagonized the nicotine-induced currents, suggesting that most of presynaptic nicotinic receptors at developing motoneurons belong to an ␣-BuTx-sensitive subtype. Recently, we found that glutamate markedly increased the frequency of SSC s at embryonic neuromuscular synapses via the activation of presynaptic NMDA and non-NMDA receptors (Fu et al., 1995) . SSC frequency increased markedly in response to the local perf usion of glutamate at the synaptic regions, whereas only a slight increase was observed when perf usion was performed at the soma. Because an NMDA receptor is highly permeable to C a 2ϩ (Ascher and Johnson, 1989) , we f urther examined the potentiating action of NMDA on ACh release. L ocal application of NMDA to the growth cone with another micropipette (intrapipette concentration at 100 M) also induced an inward current (Fig. 2a) , indicating the presence of an NMDA receptor in the nerve terminals. The spontaneous NTC frequency increased by more than 20-fold after treatment with NMDA (11.2 Ϯ 3.8 Hz; n ϭ 3) (Fig. 2a) , presumably as a result of C a 2ϩ influx through NMDA channels. The time courseresponse curves were shown in Figure 2b . Pretreatment with nicotinic antagonists d-TC (40 M) or hexamethonium (10 M) significantly antagonized the N TC -increasing action of NMDA.
The addition of 5 mM Mg 2ϩ in Ringer's solution also completely inhibited the action of NMDA. These results suggest that NMDA increases [Ca 2ϩ ] i to enhance spontaneous quantal release of ACh from nerve terminals, and the released ACh then acts on the presynaptic nicotinic autoreceptors of the same nerve terminal in a feedback manner.
Nerve terminal potential change induced by the autoreception of evoked ACh release
As mentioned above, spontaneous NTCs are caused by the feedback action on ␣-BuTx-sensitive nicotinic autoreceptors by the spontaneous quantal ACh release from nerve terminals. We further examined the nicotinic autoreception by the simultaneous secretion of multiple ACh quanta evoked by electrical stimulation at the soma. As shown in Figure 3a , ACh release was elicited by stimulating a naive neuron (a neuron without contact with a myocyte) at the soma with a heat-polished glass microelectrode. The pipette was filled with Ringer's solution. A square current pulse of 0.1 msec duration and 3-5 V (0.1 Hz) was applied through the pipette. The patch pipette was whole-cell currentclamped on the growth cone. Evoked release of ACh induced a positive potential change at nerve growth cone, which was inhibited by the local application of d-TC (40 M; n ϭ 3) with the third micropipette, indicating that the synchronized release of ACh in response to electrical stimulation also acts on the presynaptic nicotinic autoreceptors (Fig. 3b) . To further characterize the evoked ACh-induced potential in the nerve terminals, the effects of other nicotinic and muscarinic antagonists were examined. Application of hexamethonium (10 M; n ϭ 3) (Fig. 4a) , but not atropine (10 M) (Fig. 4b) , inhibited the evoked ACh-induced potentials. Reversible inhibition of evoked ACh-induced potentials by high Mg 2ϩ , low Ca 2ϩ Ringer's solution (5 mM Mg 2ϩ and 0.6 mM Ca 2ϩ ) further strengthens the notion that these potentials are caused by a neurotransmitter, which is released in a Ca 2ϩ -dependent manner (n ϭ 3) (Fig. 4c) .
Regulation of synaptic transmission by the activation of presynaptic nicotinic autoreceptor
What is the regulatory role of these presynaptic ionotropic autoreceptors in the synaptic transmission at developing motoneurons? The natural synapses of Xenopus nerve-muscle cocultures were chosen for the following experiments. SSCs were recorded from the innervated myocyte by using the whole-cell voltageclamp method. The frequency of SSCs was found to vary greatly from cell to cell, over two orders of magnitude. Whether the activation of a presynaptic nicotinic receptor is involved in the induction of high-synaptic activity was tested by examining the effect of nicotinic receptor antagonist on the SSC frequency at high-activity synapses (Ն3 Hz). It was found that hexamethonium (10 M) markedly reduced the frequency of SSCs at these highactivity synapses (Fig. 5a ). The SSC frequency was reduced from 6.8 Ϯ 0.9 to 1.7 Ϯ 0.3 Hz (n ϭ 7). On the other hand, the SSC frequency of low-activity synapses was only slightly reduced, probably because of the inhibition of postsynaptic nicotinic receptors by hexamethonium (Fig. 5b ). To further demonstrate the role of presynaptic nicotinic receptors in the regulation of evoked ACh release, ESCs were elicited by stimulating presynaptic neurons at the soma. The ESC amplitude was inhibited by 34% after application of 10 M hexamethonium (7.7 Ϯ 1.2 and 5.1 Ϯ 0.7 nA, before and after treatment with hexamethonium, respectively; n ϭ 6) (Fig. 5c) . Because the iontophoretic ACh-induced currents were inhibited by only 11% after treatment with hexamethonium (1.8 Ϯ 0.3 and 1.6 Ϯ 0.2 nA, before and after treatment with hexamethonium, respectively; n ϭ 4) (Fig. 5d) , the higher degree of inhibition of ESC s may result from the presynaptic nicotinic inhibition of hexamethonium. Therefore, the activation of presynaptic nicotinic receptors may have positive regulation of evoked ACh release. To f urther exclude the possible postsynaptic inhibition by nicotinic antagonists, we examined the ESCs by moving a myoball (M1) to form a manipulated synapse with a naive neuron (Fig. 6a) . After obtaining the control evoked responses (Fig. 6b, lef t side, middle trace) , the culture was treated with ␣-BuTx (60 nM) for 20 min, which irreversibly inhibited the presynaptic nicotinic receptors, and then was washed three times with plain Ringer's solution. The second myoball (M2) from another culture dish, which was not treated with ␣-BuTx, was manipulated to form a synapse at the same site, and the evoked responses were measured again (Fig. 6b, right side, middle trace) . As shown in Figure 6b , bottom panels, the ESC amplitude was inhibited by 39% after ␣-BuTx treatment (from 1.6 Ϯ 0.2 to 0.9 Ϯ 0.2 nA; n ϭ 8; p Ͻ 0.05). Because the SSC amplitude of two myoballs before and after ␣-BuTx treatment did not show a significant difference (M1, 188.8 Ϯ 32.7 pA; M2, 165.2 Ϯ 24.0 pA, respectively; n ϭ 6; p Ͼ 0.05) (Fig. 6b, top panels) excludes the possible residual postsynaptic inhibitory effect of ␣-BuTx. For comparison, two myoballs (M1 and M2) were manipulated to contact with the same site of the control neuron, which was not treated with ␣-BuTx, in an interval of 30 min, and the evoked responses were measured in M1 and M2, respectively. The ESC amplitude between two manipulated myoballs shows no significant difference in this case (M1, 1.4 Ϯ 0.1 nA; M2, 1.80 Ϯ 0.5 nA, respectively; n ϭ 4; p Ͼ 0.05). In addition, after treatment of the neuron with ␣-BuTx and washout, the ESC amplitude was slightly inhibited by 19.7 Ϯ 7.0% (n ϭ 4) in response to the application of 10 M hexamethonium, which primarily resulted from its postsynaptic inhibition. This result indicates the marked reduction of presynaptic inhibition by hexamethonium in the ␣-BuTx-treated nerve terminal.
DISCUSSION
The major findings reported here are that the activation of ␣-BuTX-sensitive nicotinic autoreceptors by spontaneously released ACh can induce NTCs in the same neuron. The appearance of NTCs is very much like that of SSCs, which are recorded in postsynaptic cells. Increase of intracellular Ca 2ϩ by NMDA application enhanced the frequency of NTCs. The NTCs were blocked by hexamethonium, d-TC, and ␣-BuTx, suggesting that the AChRs present on the nerve terminals are predominantly the nicotinic type. The neuronal nAChRs are involved in cholinergic transmission in the peripheral nervous system, as well as in the CNS (Bertrand and Changeux, 1995; Role and Berg, 1996) . To date, 11 members of the nAChR family have been identified and cloned from vertebrate genomes (Lindstrom, 1996) . One of the most prominent classes of nAChRs contains the ␣7 and/or ␣8 gene product. Such receptors have a relatively high permeability to Ca 2ϩ and bind ␣-BuTx with high affinity (Couturier et al., 1990; Schoepfer et al., 1990; Vijayaraghavan et al., 1992; Seguela et al., 1993) . This type of nAChR is fully blocked by low con- centrations of ␣-BuTx, and the blockade is relatively irreversible, as is true of ␣-BuTx binding to skeletal muscle AChRs (Smith et al., 1985) . The conclusion that ␣-BuTx-sensitive nAChRs are responsible for the positive regulation of ACh release is supported by the pharmacological evidence showing that block of presynaptic AChRs by ␣-BuTx can inhibit evoked ACh release or the SSC frequency at high-activity synapses. Treatment of neurons with ␣-BuTx and then washout resulted in the inhibition of evoked synaptic currents of the second manipulated myoball. This result arises from the blockade of ␣-BuTx-sensitive receptors on the presynaptic nerve terminals rather than from postsynaptic receptors, because ␣-BuTx blocked 39% of the synaptic responses evoked by nerve stimulation but had little effect on the mean amplitude of SSC s between two manipulated myoballs. The positive feedback regulation of ACh release by the activation of an ␣-BuTx-sensitive nicotinic autoreceptor may result from the Ca 2ϩ influx directly through the AChR channel. However, voltage-gated C a 2ϩ channels represent a second pathway by which extracellular C a 2ϩ could enter the cell. In the cultured
Xenopus motoneuron, N-type Ca 2ϩ channels are responsible for action potential-evoked ACh release, because -conotoxin completely inhibited the evoked synaptic currents (data not shown). On the other hand, L-type Ca 2ϩ channels are involved in the regulation of spontaneous ACh release at high-activity synapses (Fu and Huang, 1994) . It was demonstrated here that the activation of presynaptic ␣-BuTx-sensitive nicotinic autoreceptors by spontaneously released ACh is able to produce substantial membrane depolarization, which may thus open voltage-gated Ca 2ϩ channels and thereby augment Ca 2ϩ entry. In addition, it was found that the evoked release of ACh is also able to induce substantial membrane depolarization. In view of the dependence of this evoked response on extracellular Ca 2ϩ , the evokedinduced potential change in nerve terminal may result from Ca 2ϩ -dependent ACh release, which is also inhibited by nicotinic antagonists d-TC and hexamethonium but not by the muscarinic antagonist atropine. At high-activity synapses, the presynaptic nicotinic autoreceptor can be tonically activated by the ambient ACh. Here, it seems that the response of presynaptic nAChR Figure  6 . Pretreatment of neurons with ␣-bungarotoxin inhibited evoked synaptic currents in manipulated synapses. a, The photograph shows that the ESC s were examined by moving a myoball (M1) to form a manipulated synapse with a naive neuron ( N ). After obtaining the control ESCs by stimulating (Sti.) the soma at 0.1 Hz, the M1 was removed away, and the culture was treated with ␣-BuTx (60 nM) for 20 min and then washed three times with plain Ringer's solution. The second myoball (M2) from another culture dish, which was not treated with toxin, was then manipulated to form a synapse at the same site, and the evoked responses were measured again. Scale bar, 30 m. b, The downward deflections in the middle trace indicated SSC s and ESC s (filled circles) (filtered at 150 Hz). ␣-BuTx treatment significantly inhibited the amplitude of ESC s but not that of SSC s. The top panels show the representative superimposed SSC events during a 10 sec period, and the bottom panels show the four superimposed ESC s at higher time resolution.
after bath application of nicotine desensitized more slowly than that reported elsewhere (Couturier et al., 1990) . Some nAChRs, including ␣7, may contain more than a single type of ␣ or ␤ subunit. Such differences may result in changes in desensitization properties (Ramirez-Latorre et al., 1996; Wang et al., 1996) .
The effects of the nicotinic antagonist d-TC on ACh release from adult motor nerve terminals are the subject of much controversy. It is generally accepted that d-TC possesses a prejunctional action at the neuromuscular junction. This is manifest in twitch tension experiments as tetanic fade, i.e., the inability of a muscle to sustain tension during high-frequency stimulation and in electrophysiological experiments as an enhanced diminution of the amplitude of end-plate potentials during high-frequency stimulation of motoneurons (Magleby et al., 1981; Gibb and Marshall, 1984) . It is proposed that these putative receptors form part of a positive-feedback system; activation of presynaptic nicotinic autoreceptors by ACh enhances the mobilization and release of ACh during high-frequency stimulation of motoneurons. In the current study, the presynaptic nAChRs are sensitive to the inhibition by ␣-BuTx, and thus, most nAChRs are highly Ca 2ϩ permeable. Here, we found that the activation of presynaptic nicotinic receptors at developing motoneurons has positive regulation in both spontaneous and evoked ACh release. However, there is no tetanic fade phenomenon in these embryonic motoneurons (Fu and Liu, 1997) .
The ␣-BuTx-sensitive nAChR would have the potential of influencing a vast array of C a 2ϩ -related events in the neurons because of its high permeability to C a 2ϩ . In addition to regulating transmitter release, as is the case in chick retinal cells and the pheochromocytoma cell line PC12, cholinergic antagonists or ␣-BuTx has been shown to promote the extension of neurites Quik et al., 1990) . Because both types of cultures can synthesize and release ACh under some conditions (Greene and Rein, 1977; Lipton, 1988) , the ␣-BuTx effects may result from its inhibition of nicotinic autoreceptor activation. In the chick ciliary ganglion, the ␣-BuTx-sensitive nAChRs have been shown to have a predominantly nonsynaptic location on neurons and may be concentrated on pseudodendrites emerging from the soma (Jacob and Berg, 1983) . Activation of this type of nAChRs on ciliary ganglion neurons in dissociated cell culture inhibits neurite extension and induces a partial retraction of the processes in a C a 2ϩ -dependent manner (Pugh and Berg, 1994) . The ␣-BuTx effects can thus be interpreted as relieving an ongoing ACh-induced inhibition of neurite outgrowth. From a preliminary study, we found that bath application of ␣-BuTx to 4 hr cultured Xenopus spinal neurons also enhanced axonal growing rate, indicating that activation of a nicotinic autoreceptor inhibits the axonal growth (our unpublished observations). The nAChRs of growth cone may play a role in neurite arrest after target contact. We found here that the growth cone of myocyte-contact neuron exhibits more N TC s than that of naive neurons. In addition, myocytes are also able to secrete ACh (Fu et al., 1998) . Presynaptic ␣-BuTx-sensitive nAChRs could thus provide a mechanism for terminating axonal growth when the axon contacts with myocyte. Therefore, nicotinic autoreceptor in the growth cone may play f unctional roles in nerve growth, plasticity of neurites, and synapse formation (Chan and Quik, 1993) .
In conclusion, our results provide to our knowledge the first electrophysiological evidence that ionotropic autoreceptors can be activated by the endogenously released neurotransmitter. We showed here that the ␣-BuTx-sensitive nAChRs in presynaptic nerve terminals are ligand-gated ion channels and are cation selective. The membrane potential change via the activation of nicotinic autoreceptors by endogenously released ACh provides a possible mechanism for both endogenous and exogenous cholinergic agents in the CNS. Activation of autoreceptors by endogenously released ACh will further increase the efficacy of cholinergic neurons. Presynaptic nicotinic autoreceptors may play an important role in the regulation of synaptic transmission, neuronal growth, and synaptogenesis.
